A strategy for phase identification of precipitates in high Al-containing austenitic and ferritic steels using electron diffraction (ED) is studied. Comparative studies of the various Al-containing precipitates (k-carbide, Ni 3 Al, Fe 3 Al, FeAl) show the similarities of crystal structure and lattice parameter. However, the slight differences of lattice parameter and structure display characteristic ED patterns (EDPs) which can be identified. L1 2 k-carbide and Ni 3 Al can be differentiated by the length of g (the reciprocal lattice vector), even though they show perfectly identical shapes of EDPs. DO 3 
INTRODUCTION
Rising energy and environmental demands request high Al alloying for weight reduction in the structural alloys. Al reduces the density of steels more than 10% per 1 wt% addition (Frommeyer et al., 2006) . High weight reduction ability of Al is attractive in automobile industry. However, as Al contents increase more than 7 wt%, the alloys suffers serious embrittlement even in a ferritic region. Recent researches are focused on increasing Al-contents for lowdensity steels and preventing embrittlement caused by high Al-addition through the mixing of other alloy elements (Mn, Ni, Cr) (Palm, 2005) . Additional advantage of Al alloying in steels is its strengthening effects of steels via solid solution hardening or precipitation of Al-bearing intermetallic compounds and carbide in the matrix. In heat resistant austenitic stainless steel and Ni-based super alloy, high Aladdition forms various intermatallic compounds (L1 2 Ni 3 Al, B 2 NiAl) and increases high temperature strength (Sourmail, 2001; Pollock & Tin, 2006) . Besides the strengthening effect, superior corrosion resistance caused by the formation of a dense alumina protection layer is additional advantage in high Al-containing heat resistant austenitic stainless steels (Yanamoto et al., 2007) . High Al-addition in steels forms various precipitates including intermetallic compounds and carbides. In Mn-containing alloys, L1 2 k-carbide ((Fe, Mn) 3 AlC), DO 3 (Fe, Mn) 3 Al, and B 2 (Fe, Mn)Al are possible candidates. L1 2 (Fe, Ni) 3 Al and B 2 (Fe, Ni)Al phases can precipitate in Ni-bearing alloys. When Mn and Ni are alloyed individually, these precipitates can be easily differentiated by the investigation of chemical composition using an energy dispersive X-ray spectroscopy or an electron energy loss spectroscopy. However, Mn and Ni are major alloying elements in high Al-containing alloys and most alloys have lots of Mn and Ni together. Carbon also makes phase identification more difficult by forming k-carbide. k-carbide has the same structure with Ni 3 Al. When fine precipitates are distributed in the matrix, phase identification through the chemical analysis is difficult due to the interference of the matrix. Carbon replication method is another solution, but coherent precipitates are hardly extracted. Carbon film also hinders the identification of k-carbide and intermetallic compounds. Demands for high alloying of Mn and Ni in low density steels make the condition for the phase identification hard. In this study, a strategy for phase identification of precipitates in high Al-contained austenitic and ferritic steels using electron diffraction (ED) is introduced. Kinematical simulation of ED patterns (EDPs) in Al-bearing precipitates is carried out and the solution for phase identification is discussed via comparative studies of EDPs on the various structures.
MATERIALS AND METHODS
Kinematical ED simulation of L1 2 k-carbide and Ni 3 Al, DO 3 Fe 3 Al, and B 2 FeAl is performed using 'crystal maker' software (CrystalMaker Software Ltd., UK). Unit cells of each structure are built from inorganic crystal structure database (ICSD). Detailed information of each phase is listed in Table 1 . As shown in Fig. 1 , lattice structures of k-carbide and Ni 3 Al are almost similar. Simulated shapes of EDPs in both phases are perfectly coincident in all beam directions (Fig. 2) ). This length difference (7.5%) in g 001 can be detected when the microscope is well calibrated. Fig. 3 
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Additional Similarity of EDPs among Various Phases
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Matrix Effects on the Precipitation Behavior of Each Phase
Precipitation behavior of second phase is closely related to the coherency between matrix and precipitates. k-carbide and austenite have a strong coherency due to the similar lattice parameter and structure. Cube to cube orientation relationship between k-carbide and austenite is reported (Lin et al., 2010 k-carbide ) with ferrite matrix (Seol et al., 2013) . Fig. 5A and B show different morphologies of k-carbides precipitated in ferrite and austenite matrices. Precipitation of fine k-carbides is possible in austenite matrix due to similarity of lattice structures and parameters (Fig. 5B) . k-carbides precipitated in ferrite matrix are coarse and frequently observed around the grain boundaries due to the lack of coherency (Fig. 5A) 
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